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KAMIMYC r'eO MUJIEB - BAH

LleHT'bp'bT 3a BbPXOBU MOCTUXEHNUA ,HaunoHaneH ueH-
Tbp NO MEXAaTPOHUKa N YNCTU TexHonornn“ e n3rpageH 4ypes
obenuHsiBaHe ycunudata Ha [gBaHadeceT BOoAelln Hay4dHu
opraHunsauunm ot BAH n net m3cnepoBaTtencku YHUBEPCU-
TE€Ta C Les1 3acurnBaHe un I/IHTeHSMd)VILI,I/IpaHe Ha HAay4YHOW3-
cnepoBartenckata AeNHOCT, TEXHOSNTOrMYHOTO passutne un
MHOBaUMUTE 3a noanomMaraHe rnpexoaga Ha Ebnrapvm KbM
3erieHa, eHeproe(beKTMBHa N KpbroBa MKOHOMUKaA.

GEO MILEV CAMPUS - BAS

The Center of Excellence National Center of
Mechatronics and Clean Technologies was built by
unification the efforts of twelve leading scientific

organizations from the BAS and five research universities
with the aim of strengthening and intensifying scientific
research, technological development and innovation to
support Bulgaria’s transition to green, energy efficient and
circular economy.



B pamkuTe Ha HALUVMOHATNEH LEEHTBP MO MEXATPOHWKA
N YANCTU TEXHOJIOTUU ca UsrpageHu Tpu ronemm Hay4Ho-
n3crnegoBaTencku komnnekcaobocobeHn kato kamnyc [eo
MwuneB, BAH, CY (lloseHeu) n TY (CtypeHTckn rpag). B
kamnyc ,leo Munes“ 12 nHctutyta Ha BAH ca o6eguHeHn
KaTto yyacTHuMuu B m3rpageHust uUeHTbp. OCHOBHaTa Ha-
yyHouscriegoBaTerncka genHoct B kamnyc ,leo Munes® e
HacoyeHa KbM pa3paboTBaHETO Ha 3efieHn U edeKTUBHU
TEXHOMOrnmM KOeTo € OT rofsIMO 3HavYeHne 3a peluaBaHe Ha
CbBpeMeHHUTe Npobnemu, CBbP3aHN C KNMMaTa u yucra
eHeprus.

ToBa ca:

+ TexHonoruu 3a npeobpasyBaHe U CbXpaHeH1e Ha Ync-
Ta eHeprusi

» TexHomnorum 3a nony4vyaBsaHe, npe4vYncTeBaHe n CbxpaHe-
HWe Ha BOOOPOLA

* KatanntuyHu n COp6LJ,VIOHHl/I TEXHOJ10I'nMn B eHEpPreTun-
KaTa, TpaHCnopTa M Oorna3BaHETO Ha OKOJIHaTa cpeaa

» Cb3gaBaHe Ha HOBW (PYHKUMOHANHW Matepuanu 4pes
€KoCbobpasHM TEXHONOTUN

» TexHomnorum 3a BKSHOYBaHE Ha OTNaAbYHU NpPoOAYKTU U
MaTepuarnu ot Npou3BOACTBa B APYrn npon3soacTea

B kamnyc ,leo MuneB® e usrpageHa HaydHa MHpa-
CTPYKTYpa, B CbOTBETCTBUE C HAN-A00pUTE CBETOBHU CTaH-
AapTu 1 NPaKTUKKU, KOATO e obocobeHa B criegHUTe nabo-
patopuu:

Three large research complexes have been built
within the NATIONAL CENTER OF MECHATRONICS
AND CLEAN TECHNOLOGIES designated as Geo Milev
campus, BAS, SU (Lozenets) and TU (Studentski grad).
In Geo Milev. campus, 12 institutes of BAS are united as
participants in the built center. The main research activity
at the Geo Milev campus is aimed at the development
of green and efficient technologies with an emphasis on
transport and energy, which is of great importance for
solving modern problems related to climate and clean
energy.

These are:
» Clean energy conversion and storage technologies

« Technologies for obtaining, purifying and storing
hydrogen

» Catalyticand sorption technologiesin energy, transport
and environmental protection

» Creation of new functional materials through eco-
friendly technologies

+ Technologies for incorporating waste products
and materials from productions into other
productions

In the Geo Milev campus, a scientific infrastructure has
been built, in accordance with the best global standards
and practices, which is distributed in the following
laboratories:
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CkaHvpalla enekTpoHHa MUKPOCKOMUS
PeHTreHoasoB 1 peHTreHOCTPYKTYPEH aHanm3
Tepmoxumust

CnekTpockonus

HeopraHuyeH cuHTe3

OpraHn4YeH ¥ NONMUMEPEH CUHTES

ENeKTpoXMMnyHm TEXHOMormm

OnpegensiHe Ha TEKCTypa Ha NOPECTV MaTtepuanm
Xpomatorpacus

CnekTtpockonusi operando MeToau Ha n3criegBaHe

lNonyyaBaHe Ha TbHKM UMM Ype3 MarHETPOHHO
pasnpaluBaHe

XnapoanHaMnyHU U3NUTaHus

MexaHU4HN N3NUTBaHKSA N EKCNPecHa guarHocTuka
PeHTreHoBa MuKpockonus

AKTUBHMW TEXHOMOTMMW, (OYHKLMOHAMHN NOKPUTUS
CnekTpanHa onTuyHa nHTepdepoMeTpus
MonyyaBaHe Ha 2d maTepuanu 1 HaHOCNoeBe
M3cnenBaHe Ha CEH30pHM CBOMCTBA
[anBaHOTEXHMKA U KOPO3US

M3cnenBaHe Ha TOMMOMNPOBOAHOCT

WM3cnenBaHe Ha HAHOCTPYKTYpu

YV V VY VYV VY VY VYV VYV VY VYVY

Scanning electron microscopy

X-ray analysis

Thermochemistry

Spectroscopy

Inorganic synthesis

Organic and polymer synthesis
Electrochemical technologies
Determination of texture of porous materials
Chromatography

Spectroscopy Operando research methods
Preparation of thin films by magnetron sputtering
Hydrodynamic tests

Mechanical tests and express diagnostics
X-ray microscopy

Active technologies, functional coatings
Spectral optical interferometry

Preparation of 2d materials and nanolayers
Study of sensory properties

Electroplating and corrosion

Thermal conductivity research

Study of nanostructures



an N3MbJIHEHNETO Ha MNPOEKTa € MU3BbpPLUEHA PEKOH-
CTPYKUMA N MOOepHU3NpaHe Ha CblleCTByBalla Heobuta-
emMa cCrpaga on. 29, kbageTo ca Pa3norioXXeHun rno-rojiaMma
YacT OT U3rpageHute na6opaTopMV|.

During the implementation of the project, reconstruction
and modernization of an existing uninhabited building, bl.
29, has been carried and most of the built laboratories are
located in it.

3anoxeHnte B Hay4HaTa nporpama 3agayvyn ca Haco4e-
HN KbM MOCTUIaHe Ha BbPXOBU Hay4YHU pe3yntaTtu, Ha UHO-
BaTUBHU Hay4YHOMNPUITOXHA pa3pa60TKM N YyCKOpsABaHE Ha
npoueca Ha rnpeHoca MM KbM Ou3Heca, C KOETO ce Lenu
noBuLLlaBaHe KOHKypeHTOCﬂOCOGHOCTTa Ha 6bnrapCKaTa
MKOHOMWKa BbB Ba>XHW 3a CTpaHaTa TEXHOJTIOTNYHN obnactu,
KaTto MexaHWKa, €J1IeKTpOHUKa, pO6OTVIKa, eﬂeKTPOMOGVIJ'I-
HOCT, YNCTa eHeprmua n 3erieHn TeXHOIToOrnn.

The tasks set in the scientific program are aimed
at achieving top scientific results, innovative scientific
and applied developments and fostering the process of
their transfer to business, which aims to increase the
competitiveness of the Bulgarian economy in important
technological areas for the country, such as mechanics,
electronics, robotics, electromobility, clean energy and
green technologie.



NABOPATOPUA CKAHUPALLIA EJIEKTPOHHA
MWKPOCKOINA

SCANNING ELECTRON MICROSCOPY
LABORATORY

JlabopaTopusiTa pasnonara C Hal-BUCOK Krac CbBpeme-
HEH CKaHWpalll eNeKTPOHEH MUKPOCKON C MoreBa eMuUcusl Ha
€MNeKTPOHY 3a U3creaBaHe Ha Tonorpadusi U enemMeHTeH aHa-
13 Ha TBbpAoTenHN obpasun. MogensTt JSM IT800SHL npe-
[OOCTaBsl yHUKarHaTa Bb3MOXHOCT 3a MOCTUraHe Ha BbpXoBa
pasfenuTerniHa cnocobHocT ot 5A enHoBpemeHHa pabota Ha
YeTUpU AeTekTopa, Ocurypsisalla HabvpaHe Ha 1306paXxeHus
C BTOPUYHU 1 06paTHO pascesiHv eNeKTPOHN B pasnuyHu eHep-
MMIAHK avanasoHun. To3n MUKPOCKON KbM MOMEHTA € NETUAT OT
TO3U MoAer, KOWTO ce MHcTanupa B EBpona, kaTo 3a pasnuka
OT OCTaHanuTe e cHabaeH ¢ 6e3npeLeneHTHUTE aBa eHepruii-
HO OMCMEPCUBHY CNEKTPOMETbPA 3a ENEMEHTEH aHanms, Koe-
TO MO3BONSIBA €HOBPEMEHEH aHanun3 B pearHo BpeMe KakTo

The

laboratory has state-of-the-art field-emission
scanning electron microscope for topography and elemental
analysis of solid-state samples. The JSM IT800SHL model
provides the unique ability to achieve a peak resolution
of 5 Angstroms, simultaneous operation of four detectors,
providing imaging of secondary and backscattered electrons
in various energy ranges. This microscope is currently the
fifth of this model to be installed in Europe, and unlike the
others, it is equipped with the unprecedented two energy-
dispersive spectrometers for elemental analysis, allowing
simultaneous real-time analysis of both topography and
elemental composition.



Ha TOFIOI'paCbVIFITa, Taka U Ha eNNeMEHTHNA CbCTaB.

ToBa e Ha-B1COK Knac KOHd)OKaJ'IHa Jla3epHO CKaHupalla
CuCTeMa 3a u3criegBaHe Ha TBbpaa mMaTtepus, ocurypsasalla
pasnennTternHa CrMocoBHoOCT no BucounHa ot 10 HaHOMeETpa,
nos3eosisiBalla AeTansiHa TPUMEPHa PEKOHCTPYKUUA Ha MNo-
BbPXHOCTHU, aHalln3 Ha NOBbPXHOCTHA rpanaBOoCT, NMOpW, BKI1.

JIABOPATOPUA MO PEHTTEHO®A30B
N PEHTTEHOCTPYKTYPEH AHATIN3

MoHokpuctaneH andpaktomerbp D8 Venture ¢ asa us-
TOYHMKA Ha nbueHne (Cu 1.54 A n Mo 0.71 A), Photon I
netektop 3a shuterless cbbupaHe Ha AaHHW, AMaMaHTeHa
Bragg-(S) kneTka 3a namepBaHusl Npy BUCOKWU HaNaraHus Jo
90 GPa 1 Oxfordcryo 800 3a kOHTpon Ha Temneparypara (ot
-193°C po +130°C).

JlabopatopusaTa M3BbpLUBA PEHTrEeHO(A30B M PEHTre-
HOCTPYKTYPEH aHan13 Ha HOBW 1 MOAMMULIMPaHN NPUPOOHU

Confocal laser scanning microscope is state-of-the-art
confocal laser scanning system for solid matter investigation,
providing 10 nanometer height resolution, enabling detailed
three-dimensional reconstruction of surfaces, analysis of
surface roughness, pores, incl.

LABORATORY OF X-RAY
ANALYSIS

D8 Venture single crystal diffractometer with two
radiation sources (Cu 1.54 A and Mo 0.71 A), Photon |
detector for shutterless data acquisition, diamond Bragg-(S)
cell for measurements at high pressures up to 90 GPa and
Oxfordcryo 800 for temperature control (-193 to +130°C).

The laboratory performs X-ray phase and X-ray
structural analysis of new and modified natural and
synthetic materials:



N CUHTETUYHU MaTepuarsu:

CTpPYKTYpPHO OXapakTepuaupaHe Ha CYpPOBUHU, MEX-
OVHHW U KparHW NPOJYKTY;

WN3cnenBaHe noBegeHMETO Ha KpUCTarnHuTe BeLLeCTBa
npv NpoMsiHa Ha TeMnepaTtypa u HansraHe;
N3cnegBaHe cOpOLMOHHWTE M MOHOOOMEHHUTE Xa-
pakTepucTukn Ha nopectu martepvanu (MOF, COF,
3€0MUTN, FIIUHN 1 Op.);

M3cnegBaHe Ha dapMaueBTUYHU MNONMMOPMHN 1
HyTpaLeBTUYHN chopmu;

BepuduumpaHe Ha NPOTOKONW 32 KOHTPOS HA KavecT-
BOTO;

[NporHo3npaHe Ha PUINKOXMMUYHUTE CBONCTBA.

Image of: a) D8 Venture goniometer, detector and radiation

sources and b) the determined structure in the [100] direction
of a new MS-2 zeolite-like substance; W3obpaxeHue Ha: a)
20HUOMEMBbP, 0emeKkmop U U3MOYHUUU Ha fb4eHue Ha D8
Venture u b) onpedeneHama cmpykmypa 8 HarnpasneHue [100] Ha
Ho80 3eor1umornodobHo eeujecmso MS-2

Structural characterization of raw materials,

intermediate and final products;

Studying the behavior of crystalline substances when
changing temperature and pressure;
Researchthesorptionandionexchange characteristics
of porous materials (MOF, COF, zeolites, clays, etc.);
Research of pharmaceutical polymorphic and
nutraceutical forms;

Verification of quality control protocols;

Prediction of physicochemical properties.



JTABOPATOPUA 3A OIMNPEAENAHE HA TEKCTYPA
HA NMOPECTW MATEPUNATIN

C anmapatypaTta Moxe [Ja Ce M3BbpLUBa ONpeaernsHe Ha
TEKCTYPHUTE XapaKTepUCTUKN Ha 3€0NUTU, MUKPO/Me3omno-
PECTM CUIMKaTU1, Me30MopPecTy MeTanHu okeuan u apyru. MNo-
pecTuTe matepuany ce M3Mon3BaT KaTo KartanvsaTtopy unm
KaTo HoCUTENW Ha KaTanvMyHo-akTMBHa hasa B MpoLecu, Ha
ynsATo 6asa ce pa3paboTBaT YNCTU TEXHOMOTMM 3a ENIMMUHI-
paHe Ha rasoBuUTe EMUCUN OT GUTOBU U MPOMULLSIEHN U3TOY-
HMLM Ha 3aMbpcsiBaHe, NpepaboTka Ha HedTeHN dpaKkLmu,
Oror3oTBOpsiBaHe Ha Guomaca 3a noryyaBaHe Ha Guoropu-
Ba, GVMOMONMMEPU U LIEHHN XUMUYECK CbEANHEHNS U AP.

AnapatbT AUTOSORB iQ-C-MP-AG-AG pasnonara c
YeTMpKU Oerasvpallm CTaHUMM C Bb3MOXHOCT 3a HarpsiBaHe
0o 1100 °C, Tpu m3mepBaTenHu CTaHuun u TypOoMOneky-
ngpHa nomna, gocturaiia Bakyym ot 5 x 10-10 hPa.

LABORATORY OF DETERMINATION
OF TEXTURE OF POROUS MATERIALS

The apparatus can be used to determine the textural
characteristics of zeolites, micro/mesoporous silicates,
mesoporous metal oxides and others. Porous materials
are used as catalysts or as carriers of a catalytically active
phase in processes based on the development of clean
technologies for the elimination of gas emissions from
domestic and industrial sources of pollution, processing
of oil fractions, utilization of biomass to obtain biofuels,
biopolymers and valuable chemical compounds, etc.

The AUTOSORB iQ-C-MP-AG-AG device has four
degassing stations with the possibility of heating up to 1100
°C, three measuring stations and a turbomolecular pump



Bb3MoOXHO € u3aMmepBaHe Ha ancopb6LMOHHO-Aecop6-
LIMOHHN n3oTepmu ¢ pasnuynu rasose (N,, CO,, Ar u gp.),
KaKkTo U onpenensiHe Ha TOMMMHW Ha adcopbuus. Anapa-
TypaTta npefocTaBs Bb3MOXHOCTM 3a paboTa B PexuM Ha
xemucopbuus (¢ H,, CO, NH,) ¢ HanbnHo aBTOMaTM4Ha pa-
6oTa OT MoAroToBKa in-situ, BKMOYUTENHO MNPEBKMOYBaAHE
Ha M3MoN3BaHUs ras, KOHTPON Ha AebuTa 1 ynpaBneHue Ha
newTa (HarpsiBaHe u oxnaxgaHe).

NABOPATOPUA MO TEPMOXNMUA

B nabopatopusita ce n3criegsa NoBedeHNETO HA MaTe-
pvanv npu npomsiHa Ha Temnepartypara. Upes nsMmepBaHe
Ha TeMmnepaTypute U TEPMUYHUTE MOTOLM, KOPEenupallm c

reaching a vacuum of 5 x 10-10 hPa.

It is possible to measureadsorption-desorption isotherms
with different gases (N,, CO,, Ar, etc.), as well as to determine
heats of adsorption. The apparatus provides opportunities
for operation in chemisorption mode (with H,, CO, NH,) with
fully automatic operation from in-situ preparation, including
switching of the gas used, flow control and control of the
furnace (heating and cooling).

LABORATORY OF THERRMOCHEMISTRY

In the laboratory, the behavior of materials when
the temperature changes is studied. By measuring the
temperatures and thermal flows correlating with the thermal
transitions in the studied materials, the changes that
correspond to a change in their structure, composition and
phase state are determined. A thermogravimetric analysis
is performed, which allows the study of weight and phase
changes in the composition of metal and metal oxide
nanoparticles, alone or deposited on porous materials
during heat treatment in different gas environments (inert,
oxidizing, reducing).

Adifferential scanning calorimeterand thermogravimetric
analysis equipment provide data related to the behavior of
materials that are related to the determination of: specific
heat capacity pol ymorphism, melting and crystallization,
phase transitions/diagrams, degree of crystallinity glass
transition temperatures, oxidative stability, onset of
decomposition.



TEPMUYHUTE MPEXOAU B U3crieaBaHWTe MaTepuanu, ce on-
penenaT U3MeHeHUsiTa, KOUTO CbOTBETCTBAT Ha NPOMsIHA B
CTPYKTypaTa, CbCTaBa 1 ha3oBOTO UM CbCTOsIHME. M3BbpLU-
Ba Ce TEPMOrpaBMMETPUYEH aHarnu3, KOWTo No3BossiBa U3-
cnefBaHe Ha TerrfioBHM M (ha3oBU MPOMEHU B CbCTaBa Ha
MEeTarnHM U MeTanokCMaHW HaHo4YacTULM, CaMOCTOSITENHO
UM HaHECEHU BbPXY MOPECTM MaTtepuany npu TepMuyHa
06paboTka B pasnunyHu ra3oBu cpeau (MHepTHa, OKUCIUTEN-
Ha, peaykumoHHa). C gudepeHumnanHo ckaHupaly, Kanopu-
METbP M anapaTtyparta 3a TEPMOrpaBUMETPUYEH aHanu3 ce
rony4aBaT AaHHW, OTHaCsLLM ce 3a NOBEeOEHMETO Ha MaTe-
pvanu, KOUTo ca CBbP3aHU C onpeaensHe Ha: cneundguyeH
TOMSMHEH KanauuTeT MonMMopdu3bM, TOMEHE W KpUCTa-
nu3aumsi, asoBu npexogu/aMarpamm, CTENEH Ha KpucTarn-
HOCT, TemnepaTypu Ha CTbknobpasyBaHe, OKUCNUTEMHa
CTabMIHOCT, Hayano Ha pasnaraHe.

3a onpegensiHe Ha TEPMUYHU U Pa3oBM Mpexoan Ha
npobu ¢ MHOro BUCOKA NPELM3HOCT 1 3a U3crieqBaHe Ha Ma-
Tepuanu ¢ as3oBy NPEXoam, XxapakTepusmpallm ce ¢ MHO-
ro HUCKa eHeprus e 3akyneH MUKPO/HaHO AvdepeHumManeH
CkaHupaly, kanopumetrbp (Mukpo/HaHo [CK) Ha dwupmara
TA Instruments (CALL). AnapatbT € cHabaeH ¢ ynTpadyBCT-
BUTENEH KanopvMETPUYEH CEH30p U C KanuisipHa Knetka
3a aHanu3 Ha nNpobu, KOUTO ca CKIMOHHW Aa arpervpar Unm
na ce ytasiat. [1peguMcTBO Ha anaparta € Bb3MOXHOCTTa
3a uscrieiBaHe Ha NorMMepHN NPobu BbB BCUYKU hopMU —
TEeYHW (pasTBOpU), rernoBe, NPaxoobpasHN N TBHLPAMW.

A micro/nano differential scanning calorimeter (micro/
nano DSC) from the company TA Instruments (USA)
was purchased for determination of thermal and phase
transitions of samples with very high precision and for
evaluation of materials characterized by very low energy
phase transitions. The instrument is equipped with an ultra-
sensitive calorimetric sensor and a capillary cell for the
analysis of samples that tend to aggregate or to precipitate.
The advantage of the instrument is the possibility of
evaluating polymer samples in all forms — liquid (solutions),
gels, powders and solids.



NABOPATOPUA MO CIMNEKTPOCKOINNA

3a KOnM4eCcTBEH 1 Ka4eCTBEH aHanM3 Ha CMCTEMU B pas-
TBOP, Ha NPaxoBe, 3a CNeAEHE Ha MOMTbLLAHETO B aKTUBHU
crnoese Ha (hOTOBONMTaNLIM, KAKTO 1 3a CINEAEHE HA KMHETU-
KaTa Ha pegyLa npoLecw, e 3akyrneHa cnekTpooToMmeTpuy-
Ha cuctema c TemnepaTtypeH KoOHTpon, BkmoyBala UV-Vis
cnektpocpotomeTbp (Evolution 350, Thermo Scientific) n
®nyopecLieHTEH CNEKTPOGOTOMETbLP C MoAynu 3a cryo-
pecueHuus, docdopecueHuma 1 nymuHecueHums (Cary
Eclipse, Agilent). MpeunsHuAT TeMnepaTypeH KOHTPOM no3s-
BOJISIBA YCTAaHOBABaHE Ha (pa3oBU MPEXOLMN B UHTESTUIEHTHM
nonMMepwu 1 NoMMEPHN MaTtepuarnm.

NABOPATOPUA 3A HEOPTAHNYEH CUHTES

B J'Ia60paTop|/|;|Ta ce npoeexaart nacriegBaHusa no CuH-
TE€3 Ha HeopraHM4YHN martepunarm 3a YACTU TEXHOJIOTMK KaTo

LABORATORY OF SPECTROSCOPY

A temperature-controlled spectrophotometric system
comprising an UV-Vis spectrophotometer (Evolution 350,
Thermo Scientific) and a Fluorescence Spectrophotometer
with fluorescence, phosphorescence and luminescence
modules (Cary Eclipse, Agilent) were purchased for
quantitative and qualitative analysis of systems in solution,
of powders, for monitoring the absorption in photovoltaic
active layers, as well as for monitoring the kinetics of
various processes. The precise temperature control enables
detection of phase transitions in smart polymers and
polymeric materials.

LABORATORY OF INORGANIC SYNTHESIS

In the Laboratory are conducted studies on the synthesis
of inorganic materials for clean technologies such as



Martepunarnm 3a: CbxXxpaHeHne Ha eHeprud; onTukarta,; onassa-
HEe Ha OKOJ1HaTa cpeaa, C OromMeanLUmMHCKa HAaCO4YEHOCT U ap.

JlabopatopuaTta pasnonara ¢ nabopartopHa peakTopHa
cucTemMa 3a CMHTe3 B TemnepartypeH uHtepsan 5-120 °C wu
nabopaTopeH peakTop 3a CUHTE3 MoA HansiraHe, C MaKcu-
MarnHa pabotHa Temneparypa 230 °C.

B nabopatopusita ce n3BbpLUBaT N3cnensaHus 3a:

* [lonyyaBaHe Ha pa3HOOOPasHM Mo CbCTaB U CTPYKTY-
pa HeopraHW4YHW MaTepuanu cbe 3agageHn yHKUNO-
HarHW CBOWCTBA;

* HwuckoTemnepaTypHU CUHTE3N NpY aTMOCHEPHO U BU-
COKO HamnsraHe, KakTo 1 B YCIIOBUS Ha BaKyyM;

* BucokotemnepatypHu cuHTesn; TBbpaodaseH CuH-
Te3 Ha HeopraHW4HW MaTepuanu, NpoLuecu Ha Haka-
nsiBaHe, OTrpsiBaHe, CUHTEPOBAHE N TOMEHE Ha npa-
X006pa3Hu BellecTBa.

materials for: energy storage; the optics; environmental
protection; with a biomedical focus, etc.

The laboratory has a laboratory reactor system for
synthesis in a temperature range of 5-120 °C and a
laboratory reactor for synthesis under pressure, with a
maximum operating temperature of 230 °C.

Studies are carried out in the laboratory on:

Obtaining inorganic materials of various composition
and structure with specified functional properties;
Low-temperature syntheses at atmospheric and high
pressure, as well as in vacuum conditions;
High-temperature syntheses; Solid-phase synthesis
of inorganic materials, processes of tempering,
annealing, sintering and melting of powdery
substances.



NABOPATOPUA 3A OPTAHNYEH
M NOJIMMEPEH CUHTES3

WarpageHata mogepHa Jlabopatopusi 3a NpeLmnseH op-
raHW4YeH ¥ MoNMMEPEH CMHTE3 CbyeTaBa ABe Nabopatopum
B €HO MOMelLeHMe 1 NO3BOMsiBa ONTUMAIHO U3Mon3BaHe
Ha 3aKyrneHoTO crneLnduyHO 3a ABaTa Buaa CUHTE3N CbBpe-
MeHHO obopyaBaHe — KaMWuHKU, paboTHU macu, LUneHk-nu-
HMUK 3a paboTa B MHEPTHa cpeaa, POTaLUMOHHN BaKyyM 13na-
puTenu, noMnu, ueHTpodyra u ap. B cuHTeTuyHaTa nabopa-
TOpUS ca Cb3dafeHn YCIoBKSA 3a YCMELLHO noflyYyaBaHe Ha
HOBM OpraHWUYHU CbeAMHEHWs!, KOMNO3UTU U OYHKLIMOHAHM
XVMOPUOHW MONMMEPHN MaTepuarnu.

MHorodyHkunoHanHnAT peometbp HAAKE™ MARS™
paboTn B peXum Ha poTaums U Ha ocumnauus U Cryxu
3a u3crnegBaHe Ha AWHAMUYHUSA BUCKO3UTET, MOAYNUTE
Ha enacTUYHOCT U Ha 3arybu Ha NONMMMEPHN Pa3TBOPU U
Ha renose. V3cnegBaHeETO Ha Te3n XapakTeEPUCTUKM AaBa
Bb3MOXHOCT 3a HaMMpaHe Ha ONTMMasHU CbCTaBu.

LABORATORY OF ORGANIC
AND POLYMER SYNTHESIS

The built modern Laboratory for precise organic and
polymer synthesis combines two laboratories in one area
allowing the optimal use of the purchased modern equipment
specific to both types of syntheses — fume cupboards,
laboratory benches, Schlenk lines for working in an inert
environment, rotary vacuum evaporators, pumps, centrifuge
etc. The synthetic laboratory offers appropriate conditions
for the successful synthesis of new organic compounds,
composites and functional hybrid polymer materials.

HAAKE™
operates in rotation and oscillation modes and is used for
the evaluation of the dynamic viscosity, storage and loss
moduli of polymer solutions and gels. The evaluation of these
characteristics makes it possible to find optimal compositions.

The multifunctional MARS™  rheometer



JIABOPATOPUA MO EJIEKTPOXUMUYHA LABORATORY OF ELECTROCHEMICAL
TEXHONOI M TECHNOLOGIES

B Jlabopatopusita ce npoBexaaT u3crneaBaHus no enek- The Laboratory conducts research on electrochemical
TPOXMMUYEH CUMHTE3, ENEKTPOXMMMYHO XapaktepuaupaHe u  synthesis, electrochemical characterization and testing of
M3NUTBaHe Ha MaTepuanu 3a ernekTpokatanuTuyHu npunno- materials for electrocatalytic applications and those used for
YKEHWS1 1 TaKUBA, U3MON3BaHM 3a ENEKTPOXMMUYHO CbXpaHe- electrochemical energy storage.

HWE Ha eHeprusi.




*  CneKkTpoenekTpoXnMMYHN U3MEPBaAHNA Ha ENeKTPo-
aKTMBHW €NEKTPOOHM MOKPUTUS 1 HA Pa3TBOPW;

* V3mMepBaHe Ha EeneKkTPOXMMWYHWUTE CBOWCTBA U LiU-
KnM4yHaTa YCTOMYMBOCT Ha KaTOAHW U aHOOHW enek-
TPOAHW MaTepuanu 3a 6atepum, cynepkoHAeH3aTo-
py, TOPUBHM ENEMEHTU 1 ENEKTPONU3LOPMU.

JlabopatopusaTa pasnonara ¢ Cyx 6okc MBraun, MHoO-

rokaHaneH noTeHUuocTat/ ranBaHocTaT U UMNEegaAHCMETbP,
hOTOENEKTPOXUMMYHA CTaHLIMS.

NABOPATOPUA MO XPOMATOI PA®NA

Xpomartorpadusita e LUMPOKO M3Mon3BaH METOA 3a Ka-
YECTBEH U KONMMYECTBEH aHamnmM3 Ha OPraHNYHN CbeOVHEHMS.
lazoBaTta xpomatorpacus (IF'X) ¢ AeTekTop MO TOMSIONpPo-
BOOHOCT W/Unun nnaMbYyHO-MOHN3aLMOHEH OETEKTOP Ce Mpu-
nara npu aHanua Ha NEeTNIMBY OPraHUYHN CbEOVNHEHMUS U ra-
30BM CMECHU, a BUCOKOeheKTMBHATA TedHa XxpomMaTorpadus
(BETX) c OeTektop € guogHa matpuua npu CbeauvHEeHwus,
npuTeXaBaLy XpoOMOGOPHU rpymnu.

» Spectroelectrochemicalmeasurementsofelectroactive
electrode coatings and solutions;

* Measurement of electrochemical properties and
cycling resistance of cathode and anode electrode
materials for batteries, supercapacitors, fuel cells and
electrolyzers.

The laboratory has an MBraun dry box, a multi-channel

potentiostat/galvanostat and an impedance meter, a
photoelectrochemical station.

LABORATORY OF CHROMATOGRAPHY

Chromatography is a widely used method for the
qualitative and quantitative analysis of organic compounds.
Gas chromatography (GC) with a thermal conductivity
detector and/or flame ionization detector is used in the
analysis of volatile organic compounds and gas mixtures,
and high-performance liquid chromatography (HPLC)

with a diode array detector for compounds possessing
chromophoric groups.




Bucoko edekTMBHUAT TedeH xpomaTorpad SHIMADZU
LC-2040C e cHaboeH c geTtektop ¢ dhoToanoaHa martpuua
(PDA), koeTo mno3BorisiBa TEYHO Xpomartorpad)cko pasge-
NsIHE Ha LUMPOK CMEKTBbP OT CMECU Ha OpPraHWYHU XUMUYHU
CbeAVHEHWUS], KAKTO W KONMMYECTBEH M KAYECTBEH aHanm3 Ha
MHOMBUOYaNHUTE KOMMOHEHTU Ype3 YB getekuus.

» PaspaboTBaHe Ha 3efneHn TEXHOMOoMM 3a OMnoN30TBO-

psiBaHe Ha Guomaca n HedpTeHM pakuum ¢ M3MNona-
BaHe Ha XETEPOreHHW KaTtannaaTopu;

* [n3aiiH N CUHTE3, MPEYNCTBAHE 1N OXapaKkTepuanpaHe
Ha YMCTU BELLECTBA Y CMECU C NPUIIOXKEHNE BbB thap-
MauusiTa U XMM1aTa Ha MatepuanuTe;

* AHanM3 Ha 4YMCTU BeLIEeCTBa U CIOXHW CMECU C
MoOMOLLTa Ha TeYHa M ra3oBa Xpomartorpagus;

* KonunyectBeHO U Ka4eCTBEHO ONpeaensHe Ha KOMMO-
HEHTW OT CITOXHW CMECH;

* AHanus Ha ra3oBu CMeCH, CbabpKaLlu NeTnMBu opra-
HUYHM CbeamHerus, Bogopod, CO, CO, u apyru.

JIABOPATOPUA CIMEKTPOCKOINA
OPERANDO METOON HA USCJIEABAHE

B nabopatopusata ce m3pbpluiBaT operando u in-situ
n3mMepBaHus ¢ nHppayepseHa (MNY) cnekTpockonus, Kou-
TO Ca MOLLHO CPeACTBO 3a AeTalrHO n3yvyaBaHe Ha Mexa-
HU3Ma Ha afCcopOLMOHHM 1 KaTanUTUYHM Nnpouecu. Pesyn-
TaTuTe OT Te3n u3cneaBaHust MoraT ga 0baaT n3non3BaHu
KaTo pbyHOAMEHT Mpu Au3anHa Ha ePeKTUBHU MaTepua-
NN 32 YUCTUTE TEXHONOIMK (CenapupaHe, NpevYncTBaHe u

The highly efficient liquid chromatograph SHIMADZU
LC-2040C is equipped with a photodiode matrix detector
(PDA), which enables liquid chromatographic separation of
a wide range of mixtures of organic chemical compounds,
as well as quantitative and qualitative analysis of individual
components by UV detection.

» Development of green technologies for utilization
of biomass and oil fractions using heterogeneous
catalysts;

» Design and synthesis, purification and characterization
of pure substances and mixtures with applications in
pharmacy and materials chemistry;

* Analysis of pure substances and complex mixtures
using liquid and gas chromatography;

* Quantitative and qualitative determination of
components of complex mixtures;

* Analysis of gas mixtures containing volatile organic
compounds, hydrogen, CO, CO, and others.

LABORATORY SPECTROSCOPY
OPERANDO RESEARCH METHODS

In the laboratory, operando and in-situ measurements
with infrared (IR) spectroscopy are performed, which are
a powerful tool for detailed study of the mechanism of
adsorption and catalytic processes. The results of these
studies can be used as a foundation for the design of efficient
materials for clean technologies (separation, purification and
storage of gases, gas sensors, catalysis.



CbXpaHEeHne Ha rasoBe, ra3oBuM CEH30PU, KaTanus. The equipment can be used to:
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C anapatyparta MoXe [a Cce U3BbpLLBa:

» XapaktepuampaHe Ha MOBbPXHOCTHU LIEHTPOBE (Npu- » Characterization of surface centers (nature, acidity,
poaa, KNCENUHHOCT, CTENEH Ha OKUCHEHME, Koopau- degree of oxidation, coordination state, etc.) using
HaLMOHHO CbCTOSIHME W Op.) C MOMOLLTa Ha afcop- adsorption of IR probe molecules (CO, NO, N,
6unsa Ha MY monekynu-coHam (CO, NO, N,, CD,CN, CD.CN, CH,OH);

CH,OH); e Clarification of the nature and structure of surface

* W3acHaBaHe Ha npupoaarta u CTpyKTypaTta Ha NoBbpX- compounds with isotope-labeled molecules (*CO,
HOCTHUTE CbEAUHEHUSA C N30TOMHO-Oensa3aHn More- *NO, *0,, D,, D,0);
kynu (*CO, "NO, "®*0,, D,, D,0); + Study of the change in surface properties after various

* lsyyaBaHe Ha npomsHaTa B CBOWCTBAaTa Ha MOBbPX- thermal and oxidation-reduction treatments;

HOCTTa cref pasfuyHM TEPMUYHU U OKUCIUTENHO-pe- + Studying the adsorption of CO, and H, in porous
OYKUMOHHM 06paboTKu; materials;

* WsyuasaHe Ha ancopbuusta Ha CO, n H, B nopecTy o Study of catalytic processes with simultaneous
MaTtepuanu; monitoring of the state of the surface and of the

*  M3yyaBaHe Ha kaTanMTU4HN NPOLECU C EAHOBPEMEH- reaction products.

HO crnegeHe Ha CbCTOAHUETO HA NMOBBLPXHOCTTA U Ha
PeakUNOHHUTE NMPOOAYKTHU.



JIABOPATOPUA N3CJIEABAHE HA
TOl1/10NMPOBOAHOCT

JlaGopatopusaTa npoBexaa WU3NUTBaHMS 3a TOMMOMNPO-
BOAHOCT Ha MaTepuanu B LUMPOK TEMMepaTypeH AManasoH
(-100 po 500° C): Tpubonorus, nybpukaHTHU U3creaBaHNUs

LABORATORY OF THERMAL
CONDUCTIVITY RESEARCH

The laboratory conducts tests for thermal conductivity
of materials in a wide temperature range (-100 to 500°C),
measured by the irradiation method; tribology, lubricant
studies and nanoscale visualization of surfaces.

M HaHOpa3MepHa Bu3yanusauma Ha noBbPXHOCTU.

JlabopaTopusiTa M3BbpLUBA U3CNEeABaHMs Ha MaTepua-
N1, eNemMeHTV 1 KOMMOHEHTUN 3a MexaTpoHuKaTa, enekTpo-
HVKaTa 1 Opyry TEXHOMOTMYHU NMPUMOXKEHUS, KaTo npeanara:

*  MbIIHO OXapaKTepusmpaHe Ha TepMOPU3NYHUTE CBOK-
CTBa Ha NnonnMepu, Kepamvika, MeTanu 1 TEYHOCTU;

* u3criegBaHe Ha TPUOOMOrMYHUTE XapakTepUCTUKU
(TpveHe 1 U3HoCBaHe) Ha pasnu4YHY MaTepuany Karto
nonumepu, ounmu, donua, TBbpAM U CynepTBbpAU
MOKPUTUS.

AnapaTypa 3a onpefensHe Ha TOMIONPOBOAMMOCT €

npegHasHayeHa 3a namepBaHe Ha TepMoandysus, TOMNUH-

The laboratory carries out research on materials,
elements and components for mechatronics, electronics
and other technological applications, offering:

» complete characterization of the thermophysical
properties of polymers, ceramics, metals and liquids;
» study of the tribological characteristics (friction and
wear) of various materials such as polymers, films,

foils, hard and superhard coatings.
The equipment for thermal conductivity measurements,
measures thermal diffusion, thermal conductivity and
specific heat capacity of solid samples and liquids by the



Ha NPOBOAMMOCT M crneuudguryHa ToNI0eMKOCT, Ha TBbpa
npobu 1 TEYHOCTU, MO METOAA Ha 06N BbYBAHETO, B CbOTBET-
ctBue c ASTM E 1461 1 ISO ctangaptu. OcurypsiBa 6bp3 u
Ge3paspyLunTeneH aHanms, ¢ BUCOKa TOYHOCT.

NABOPATOPUA 3A MNOJTYHMABAHE HA ThbHKA
OUINMN YPE3 MATHETPOHHO PASITPALLBAHE

BuricokoBakyyMHa cucTema BKMOYBaLLa TpY MarHETpOHa
3a oTnaraHe Ha MUKpPO- U HAHOpPa3MepHY UMK OT MeTanu,
oKcuaW, NonynpoBOAHULM U M30MaTopu, Ype3 MNOCTOSIHHO-
TokoBo (DC) n pagmodectotHo (RF) cepuiHo n cbBMecCT-
HO pa3snpallBaHe. AnapaTtypaTta BKI4Ba U Bb3MOXHOCT 3a
TEPMUYHO M3MapeHMe.

irradiation method in accordance with ASTM E 1461 and
ISO standards. Perform fast and non-destructive analysis
with high accuracy.

LABORATORY OF PREPARATION OF THIN
FILMS BY MAGNETRON SPUTTERING

A high-vacuum system including three magnetrons for the
deposition of micro- and nano-sized films of metals, oxides,
semiconductors and insulators, by direct current (DC)
and radio frequency (RF) in series and joint spraying. The
equipment also includes the option of thermal evaporation.

MAGNETRUNSETIERINGIGATHUUE
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Upes meToga Ha MarHETPOHHO pasnpallBaHe ce oTnarar
eneKkTpoKaTanna3aTopy 3a ropyBHU KNETKU, KaTanuTuiHK U
doTOKOTaANUTUYHU UMK, COPBLIMOHHM CIOEBE 3a ra3oBM
CEeH30pW.

JTABOPATOPUA 3A MNOJTYHYABAHE
HA 2D MATEPUATI N HAHOCIIOEBE

Jlabopatopusta M3BbpLlUBa CMHTE3 Ha 2D (AByMepHW)
maTtepuany ype3 XuMUYHO oTnaraHe oT rasosa casa (CVD),
cenapupaHe Ha pa3TBOPY U YaCTULM, OTNaraHe Ha TbHKU
MOKPUTUSI Ype3 LIeHTpodpyrnpaHe, ONTUYHU U OMTO-EMeKT-
PVYHU M3MEPBaHKS.

Electrocatalysts for fuel cells, catalytic and photocatalytic
films, sorption layers for gas sensors are deposited by the
magnetron sputtering method.

LABORATORY OF PREPARATION
OF 2D MATERIALS AND NANOLAYERS

The laboratory performs synthesis of 2D (two-

dimensional) materials by Chemical Vapor Deposition
(CVD), separation of solutions and particles, deposition of
thin coatings by spin-coating, optical and opto-electrical
measurements.




Jlabopatopusita pasnonara ¢ CVD cuctema, HaHo CVD
cucTema, cucTeMa 3a cenapupaHe Ha YacTuLmM 1 pasTBopU U
oTnaraHe Ha TbHKW CIOeBe, cMcTema 3a MoAroToBka Ha 06-
pasum 3a HaHacsiHe Ha HaHO MOKPUTUSA, ONTUYEH MUKPOCKON.

NABOPATOPUA 3A N3CJTIEABAHE
HA CEH30OPHM CBOMNCTBA

J'Ia6opaTopV|ﬂTa npoBexXxnaa enekrpn4eckn nicrneaBaHua
Ha pasiinyHun TbHKOCITOMHN U 0B6EeMHM CTPYKTYpWU, HamMunpa-
LN NpUiioXXeHne 3a rasoBm CEH30pPU KaTo:

The laboratory has a CVD system, a nano CVD
system, a system for separating particles and solutions and
deposition of thin layers, a system for preparing samples
for the application of nano coatings, an optical microscope.

LABORATORY OF STUDY
OF SENSORY PROPERTIES

The laboratory conducts electrical studies of various thin-
film and bulk structures, finding application for gas sensors
such as:




MamepBaHe Ha eneKkTpuYeckoTo CbMNPOTUBNEHNETO B
3aBUCUMMOCT OT MPOMEHUTE B OKONHaTa cpeaa Hanp.
NpOMsiHa Ha BNaXXHOCTTa, TeMNepaTypa 1 KOHLIEHTpa-
UmMsiTa Ha pasnn4YHU ras3oBe;

TecTBaHe M KanubpupaHe Ha rOTOBM CEH30PHU YyC-
TPOWCTBA;

PaspaboTrBaHe, nogobpsiBaHe U ONTUMU3NPAHE Ha
THHKOCIOMHN U 06EMHW CTPYKTYpU Ha ©a3a OKCUAHM
N XanKkoreHnaHW MonynpoBOAHUKOBU U OMENEKTPUY-
HW MaTepuanmu.

JTABOPATOPUA 3A MEXAHUYHU N3MNNTAHNA
N EKCTNPECHA OVATHOCTUKA

Measurement of electrical resistance depending
on environmental changes e.g. change of humidity,
temperature and concentration of various gases;
Testing and calibration of finished sensor devices;
Development, improvement and optimization
of thin-film and bulk structures based on oxide
and chalcogenide semiconductor and dielectric
materials.

LABORATORY OF MECHANICAL TESTS
AND EXPRESS DIAGNOSTICS




B naGopatopusita ce onpenensT B LUMPOK TeMMnepaTypeH
AvanasoH MexXaHWYHU XapaKTEPUCTUKM NPU CTaTUYHU U OU-
HaMWYHU U3NUTBAHWUS; XapaKTepPUCTUKN Ha MyKHATUHOYCTOM-
YMBOCT; MEXaHWUYHO NOBEAEHME NPU yaapHO HaToBapBaHe.

M3BbpLUBaT ce MU3CNeABaHUs Ha XUMWYHUS CbCTaB, MU-
KPOCTpYKTypaTa Ha MeTariH1 Matepuany 1 gopaktorpadus Ha
FTOMOBE Ype3 OMTMYHA EMUCMOHHA CTIEKTPOMETPUS, PEHTTe-
HOB MMKpOaHanu13 1 ckaHupalla enekTpoHHa MUKPOCKOTKSI.

NABOPATOPUA MO PEHTITEHOBA MUKPOCKOTNA

B naGopaTopMﬂTa Ce 1U3BbpLUBaAT M3CnenBaHNA Ha MUK-
POCTPYKTYpaTa rMmaBHO Ha MeTalrilHu Matepuarnu. I'IpOBe>|<p,aT
ce un 663pa3DYLIJI/|TeJ'IHI/I n3cnegBaHna 4pe3 KOMMNHTbPHa
peHTreHoBsa MVIKpOTOMOFpa(bVIFl KaKTO Ha nopecTtn metasnHu

In the Ilaboratory, mechanical characteristics are
determined in a wide temperature range during static and
dynamic tests; crack resistance characteristics; mechanical
behavior under shock loading.

Chemical composition, microstructure of metallic
materials and fractography of scrap are investigated by
optical emission spectrometry, X-ray microanalysis and
scanning electron microscopy.

LABORATORY OF X-RAY MICROSCOPY

In the laboratory, microstructure studies are carried out
mainly on metallic materials. Non-destructive examinations



N HEMETAlTHUN MNMEeHNn N n3genmnda oT T4X, Taka U Ha MNMOBbpX-
HOCTHM N 0BEMHU NYKHATUHW, NOJ1y4YeHU Mnpu pa60Ta nnn
Pa3fnMMy4YHn n3nnTBaHUA

Peanuctnyna 3D Bu3yanusaums Ha NOBbPXHOCTTA U
obema;

Mpernen Ha TpuM3MepHUTE OBEMU cevyeHue Mno ce-
YyeHue;

M3BnuyaHe 1 Busyanusaums Ha npoussonHu 2D ce-
YyeHus:;

MakpOoCTpPYKTYpPEH aHanms;

MU KPOCTPYKTYPEH aHanms;

M3mepBaHe Ha MUKPOTBbPAOCT.

by computed X-ray microtomography are also carried out
both on porous metallic and non-metallic foams and their
products, as well as on surface and volumetric cracks
obtained during operation or various tests
« Realistic 3D visualization of surface and volume;
» Section-by-section view of three-dimensional
volumes;
» Extraction and visualization of arbitrary 2D
sections;
* Macrostructural analysis;
* Microstructural analysis;
* Microhardness measurement.
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